In animal studies, exposure to persistent organochlorine pollutants (POPs) in utero and through mother's milk has been suggested to affect the onset of puberty. However, human studies are scarce and ambiguous. In the present study, information on age at menarche was collected from 545 women who had been brought up in a fishing village/family at the Swedish east coast, off the Baltic Sea, and therefore were assumed to have been exposed to POPs in utero, through breast feeding, and/or through dietary habits during their childhood. The average age at menarche for these women was compared to that of three referent groups: a) 1252 women who also had been brought up in a fishing village/family, but at the Swedish west coast where the fish had been considerably less contaminated, b) 634 women from the east coast, but who had not grown up in a fishing village/family, and c) 869 women from the west coast who had not grown up in a fishing village/family. Based on previous studies, all groups were regarded has having similar socio-economic circumstances. Data were analyzed using analysis of variance (ANOVA). In an attempt to account for variations in environmental concentrations of POPs over time, all analyses were adjusted for year of birth. Exposed women were found to be slightly older at menarche than referent women from the same coastal area (mean age 13.0 years vs. 12.8 years). No differences were found between the exposed women and the two other referent groups (mean age 13.0 years in all groups).
INTRODUCTION
Persistent organochlorine pollutants (POPs), such as dichloro-diphenyl-dichloroethylene (p,p'-DDE) and polychlorinated biphenyls (PCBs), are environmentally persistent chemicals which are lipophilic and tend to bioaccumulate. Even though the use of some of the chemicals has been banned in most countries, POPs can still be detected in human blood, adipose tissue and breast milk worldwide (Gladen et al. 1999 , Wicklund-Glynn et al. 1996 .
In Sweden, one of the major sources of POP exposure has for a long time been the consumption of fatty fish from the Baltic Sea, which is located off the east coast of the country (Ahlborg et al. 1995 , Asplund et al. 1994 , Svensson et al. 1991 . Although current concentrations of POPs found in the Bothnian Bay (the most northern part of the Baltic Sea) are similar to those found off the Swedish west coast (Bignert et al. 1998) , the Swedish National Food Administration still recommend restricted consumption of fatty fish from the Baltic Sea (http://www.slv.se).
Previous studies revealed that family members of professional Swedish east coast fishermen have been found to eat more fish from the Baltic Sea than the Swedish population in general (Hagmar et al. 1992 , Rylander et al. 1995 . The consumption of locally caught fish among fishermen's families from the west coast of Sweden is comparable to that of the fishermen's families on the Swedish east coast (Rylander et al. 1995) . However, since the fish caught off the west coast is contaminated (Bergqvist et al. 1989 , Bignert et al. 1998 , the fishermen's families on the west coast were not as exposed as their counterparts on the east coast. Indeed, higher mean concentrations of the POP biomarker 2,2'4,4',5,5'-hexachlorobiphenyl (CB-153) and p,p'-DDE has been found among east coast fishermen (297 ng/g lipid CB-153 and 433 ng/g lipid p,p'-DDE) than among west coast fishermen (190 ng/g lipid CB-153 and 241 ng/g lipid p,p'-DDE; Anna Rignell-Hydbom, personal communication). Thus, whereas east coast fishermen's families constitute an exposed population, the corresponding population on the west coast can be considered an appropriate referent group. Furthermore, it is assumed that the cohort members who have grown up in a fishing village and/or who are members of a fisherman's family have had a high fish consumption during their childhood and adolescence. Assuming that their mothers lived in the fishing village/family prior to the birth of their children as well as after, men and women who grew up in an east coast fishing village/family are likely to have been exposed in utero, as well as through lactation. In support of this, fishermen's wives who have grown up in a fishing village/family have been found to have higher plasma concentrations of B-153 than women who did not (Rylander et al. 1997) .
In North America, consumers of fatty fish caught in the Great Lakes are highly exposed to POPs (Anderson et al. 1998 , Gerstenberger et al. 2000 , Hanrahan et al. 1999 , Schwartz et al. 1983 . Studies on women with high consumption of fish from the Baltic Sea or from the Great Lakes have suggested that high dietary exposure to POPs may cause damage to the female reproductive system, measured as time to pregnancy and delayed conception (Buck et al. 2000 , McGuinness et al. 2001 , as well as menstrual cycle length (Axmon et al. 2004 , Mendola et al. 1997 . Furthermore, increasing blood levels of PCB may be associated with decreasing age at menarche (Denham et al. 2005) . Animal studies have found that in utero exposure to the PCB congener 2,2'4,4',5,5'-hexachlorobiphenyl (CB-153), but not the congener 3, 3', 4, 4', , tend to delay onset of puberty in female goats (Lyche et al. 2004) . Previous studies have suggested that POPs may interfere with the female reproductive system in both humans and animals. Rats exposed to Aroclor 1254 (a commercial mixture of PCBs) through mother's milk experienced delayed puberty (Sager and Girard 1994) , whereas guinea pigs exposed to Clophen A50 (also a commercial mixture of PCBs) in utero and via mother's milk showed signs of delayed onset of sexual maturation, but no difference in age at first ovulation compared to unexposed controls (Lundkvist 1990) . Although these studies indicate that POPs interfere with animal and human female reproductive systems, the extent of the interference is unknown. Furthermore, human studies regarding age at menarche and exposure to POPs are scarce. The purpose of the present study was to investigate whether dietary exposure to POPs in humans, indirectly estimated from growing up in an east coast fisherman's family, or east coast fishing village, was associated with increased age at menarche.
MATERIALS AND METHODS

Study population, exposure and outcome
In 1997, 2646 women who were, or had been, married to a professional Swedish fisherman (fishermen's wives), and who were born in 1945 or later, were sent a questionnaire regarding time to pregnancy and pregnancy outcome ( Figure 1 ) (Axmon et al. 2000) . Out of these, 795 women lived on the Swedish east coast and 1851 on the Swedish west coast. The questionnaire was returned by 505 (64 %) east and 1090 (59 %) west coast fishermen's wives.
Two years later, a similar questionnaire was sent out to 3264 women who were sisters, or half-sisters, to professional Swedish fishermen (fishermen's sisters), and who were born between 1945 and 1979 ( Figure 1 ) (Axmon et al. 2002) . For 2023 of these women, their brother lived on the west coast of Sweden, whereas 1241 were selected on the grounds that their brother was a fisherman on the east coast. The response rate was 55 % (n=1103) among the west coast women, and 57 % (n=709) among the east coast women.
Both questionnaires included two questions concerning the women's upbringing: "Did you grow up in a fisherman's family?" and "Did you grow up in a fishing village?". By using cohort affiliation and information regarding upbringing in a fishing village/family, four exposure groups were established (Figure 1 ): East coast women who had grown up in a fishing village/family (exposed group), west coast women who had grown up in a fishing village/family (referent group 1), east coast women who had not grown up in a fishing village/family (referent group 2), and west coast women who had not grown up in a fishing village/family (referent group 3). It should be noted that cohort affiliation was determined by the current residence of the husband/brother, and that some women may have grown up on the opposite coast (see Discussion).
Both questionnaires contained the question "How old were you when you had your first menstruation?". For women who gave their answer in the form of an interval, the median of the interval was used. The majority of the women included in the study had provided this information (Figure 1 ). However, two west coast fishermen's sisters were excluded since they claimed that their menarche occurred when they were 44 and 50 years old, respectively.
Non-respondents
Non-respondent analyses have previously been performed on the fishermen's wives (Axmon et al. 2000) as well as the fishermen's sisters (Axmon et al. 2002) . For the fishermen's wives, respondents and non-respondents to the questionnaire were similar with respect to age distribution, smoking habits and certain reproductive outcomes, such as having been pregnant at least once or having given birth to a low birth weight infant, or a child with malformations. Among the fishermen's sisters the non-respondents were older and had a lower degree of education than the respondents. Furthermore, within the non-respondent group, a higher percentage of women had never given birth.
Statistics
Analysis of variance (ANOVA) was used to determine the difference in mean age at menarche between the exposed group and the three referent groups. The normality assumption was confirmed by residual plot analysis. All analyses were performed using SPSS for Windows 11.5.1.
Since the original questionnaires were designed to study time to pregnancy and pregnancy outcome, no questions on the woman's childhood were asked, apart from those determining exposure status. Thus, no adjustments for such factors were made. However, because the environmental contamination has decreased after the use of PCB and DDT was banned or restricted during the 1970's and 1980's, all models were adjusted for year of birth. Due to high correlations between year of birth and age (r=0.99), as well as between year of birth and recall time (r=0.99), no adjustments were made for age or recall time.
Results are presented for the entire group of women, as well as separately for fishermen's wives and fishermen's sisters. The term "statistically significant" is used to denote a p-value less than 0.05.
RESULTS
The mean age at menarche was 13.0 years for all four groups of west coast women, as well as for both exposed groups (Table 1) . For east coast women who had not grown up in a fishing village/family, the mean age was slightly lower (12.8 years for the fishermen's wives and 12.9 years for the fishermen's sisters).
When comparing the three referent groups to the exposed groups, no pattern emerged with respect to the two west coast groups (Table 1 ). The east coast women who had not grown up in a fishing village/family were younger at menarche than the exposed group, but this difference was statistically significant only when fishermen's wives and fishermen's sisters were analyzed together.
There was no obvious time trend with respect to age at menarche for the exposed group or the referent groups (Figure 2 ).
DISCUSSION
The present study did not indicate a relation between a high POP exposure in utero and through breast milk or food intake during childhood and age at menarche.
All women included in the study were selected based on their relation to a professional fisherman. With respect to the fishermen, cohort affiliation was determined by the Swedish coastal area were they were registered. Their wives and sisters were then assigned to the same cohort as the fisherman to whom they were related. Thus, misclassification of exposure could occur among the fisherman's wives if a woman had grown up on the opposite coast to where she lived during her adult life, and among the fishermen's sisters if the fisherman himself grew up on the opposite coast to where he worked during his adult life. Such misclassification would most likely bias the results towards the null. However, previous studies have found that the fishermen's families cohorts are stable with respect to residence (Axmon et al. 2002) . Furthermore, it is unlikely that the women would not be able to recall whether they had grown up in a fisherman's family or in a fishing village. Therefore, misclassification of exposure should not be large enough to account for the lack of association between POP exposure and age at menarche found in the present study.
Previous studies have found a low reliability of long-term recall of fish intake in the fishermen's families cohorts (Rylander et al. 1998 ). Thus, asking each woman about her consumption of fatty fish during her childhood would not necessarily have provided a better measure of exposure than having grown up in a fishing village/family.
The women in the present study were born between 1945 and 1979. Assuming that their age at menarche was correctly provided, the median recall time was 30 years (range 4-45 years). However, menarche is a significant developmental event which is readily recalled by a majority of women regardless of age (Casey et al. 1991 , Golub and Catalano 1983 , Must et al. 2002 , and the results are therefore not expected to be influenced by recall bias with respect to the outcome.
Since the end of the 1960's, when the Baltic Sea environment was found to be severely polluted by DDT and PCB, continuous temporal monitoring of contaminants has been conducted in Sweden (Bignert et al. 1998) . Levels of DDT have been decreasing since the program started in 1968, as have levels of PCBs since 1976. The contamination level of the Baltic Sea prior to 1968 has not been documented. However, due to bioaccumulation and slow metabolization of DDT and PCB, it is fair to assume that the concentrations of these compounds increased from the time they were introduced until the time their use was restricted. To account for these changes in environmental concentrations, all analyses were adjusted for the women's year of birth.
Because the questionnaires, through which the information on exposure and outcome was collected, were mainly focused on reproductive outcomes in mature women, no data were collected on life style and background factors for the women's childhood and adolescence. A Swedish study relating to the time period of interest in the present study found no difference in mean age at menarche between girls from different social groups, defined by the father's or the mother's occupation (Furu 1976) . Moreover, the east and west coast fishermen's families have previously been found to be comparable with regard to socio-economic factors (Rylander et al. 1995) . Therefore, failing to adjust for socio-economic factors would not be expected to have biased the results.
Other factors that have been suggested to result in earlier menarche are increased weight and height (Maclure et al. 1991 , Merzenich et al. 1993 , Moisan et al. 1990 ). As adults, the east coast fishermen's wives have been found to have a slightly higher BMI than those from the west coast (Wallin et al. 2004) . If this also was the case during childhood and adolescence, and for the fishermen's sisters, the east coast women would be expected to be younger at menarche than the west coast women. The lack of association between age at menarche and POP exposure in the present study could then be a result of a positive and a negative effect cancelling each other out.
From the original cohorts of fishermen's wives and fishermen' sisters only 55% were included in the present study. The major loss occurred when the women decided not to answer the questionnaires on fertility. Non-respondents analyses for both fishermen's wives and fishermen's sisters have been published previously (Axmon et al. 2000 (Axmon et al. , 2002 . In this study, it was concluded that there may be a selection bias with respect to fecundity. If fecundity is related to age at menarche, there may also be a selection bias in the present study. However, the mean age at menarche was 13.0 years, which is similar to the mean age (13.1 years) found among women from the Swedish capital in 1967 (Furu 1976) . Thus, selection bias with respect to age at menarche is most likely not a major problem in the present study.
Studies investigating the possible relation between POPs and human sexual maturation are scarce. In a recent cross-sectional study of Akwesasne Mohawk Girls, a high concentration of blood PCB indicated a higher probability of having reached menarche, i.e. that highly exposed females tended to be younger at menarche (Denham et al. 2005 ). Contradictory to this study, Vasiliu et al (Vasiliu et al. 2004) found that in utero exposure to DDE, but not PCB, resulted in reduced age at menopause. However, this effect was no longer statistically significant when adjusted for BMI. Adding the information provided by the present study, the results are indeed ambiguous and further studies need to be carried out to entangle the possible relation between exposure to POPs and age at menarche. Figure 1 . Flowchart of inclusion of women into a study on age at menarche and exposure to persistent organochlorine compounds (POPs). Figure 2 . Mean age at menarche, with 95 % confidence intervals, for women with high exposure to persistent organochlorine pollutants in utero and during childhood (black marks) and their referents (grey marks). The overall mean (13.0 years) is indicated by a dotted line.
